MEDINFO 2021: One World, One Health — Global Partnership for Digital Innovation 531

P. Otero et al. (Eds.)

© 2022 International Medical Informatics Association (IMIA) and 10S Press.
This article is published online with Open Access by 10S Press and distributed under the terms
of the Creative Commons Attribution Non-Commercial License 4.0 (CC BY-NC 4.0).

doi:10.3233/SHTI220133

Should App Self-Management Mean Self-Control? A Quantiative Study on App Supported
Diabetes Self-Management

Lukas Reineke?, Ursula Hiibner?, Saskia Kroner?, Jan-David Liebe®?

*Health Informatics Research Group, University AS Osnabriick, Germany
bInstitute of Medical Informatics, UMIT - Private University for Health Sciences,
Medical Informatics and Technology, Hall in Tyrol, Austria

Abstract

Apps have been attested to empower patients regarding disease
self-management through numerous studies. However, it is still
unclear what factors determine the perception of patients
whether an app is a useful tool for this purpose. A multiple re-
gression model that was informed by the Technology Ac-
ceptance Model (TAM 2) was tested based on the answers of
235 app users with Diabetes type 1 or 2. The model accounted
for 59.2% of the variance of the perceived degree of self-man-
agement. Factors belonging to the relevance-usefulness-quality
complex as well as factors reflecting the patient’s self-control
were found to be significant in the model. Patient de-
mographics, i.e. age, gender, app experience and type of Dia-
betes did not play any significant role. In conclusion, this study
raises the question whether apps should be designed to
strengthen self-management in the sense of self-control (e.g.
own measurements, diary) as opposed to guiding and advice

giving.
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Introduction

Diabetes mellitus is a non-communicable metabolic disease af-
fecting the population in high, intermediate and low-income
countries [1,2]. Reflected by the high prevalence rates and fore-
casts predicting increasing prevalence rates for the upcoming
years [3], diabetes will remain a significant challenge for the
societies and health systems worldwide. Known causes for dia-
betes type 2 are excess body weight and physical inactivity,
while the prevention and causes for diabetes type 1 are largely
unknown [1]. Well managed blood glucose levels strongly de-
pend not only on the medical therapy but also on the behaviour
of the patients themselves. This embraces regular physical ac-
tivity, an adapted balanced diet, achieving and maintaining a
normal body weight, all of which cannot only help to prevent
the disease but also help the patients to manage the disease and
avoid reduced quality of life and further complications [2,4,5].
These insights were bundled by the concept of self-manage-
ment, which does not apply to diabetes alone, and is defined as
coping with everyday life with the disease, i.e., symptoms,
treatment and lifestyle adjustment, on one's own [6]. Pursuing
the motto “what gets measured gets done”, patient self-manage-
ment indicators include measures of health behaviors and pa-
tient-centered collaborative care. [7]. Diabetes apps can support
these activities by documenting relevant data, blood glucose

monitoring or insulin administration (log data, diary apps), cal-
culating values (blood glucose conversion), providing access to
communities (forum), giving advice (nutrition, physical activ-
ity, clinical guidelines), gaming (quiz) and activities for chil-
dren [8]. The apps appear to be particularly helpful with regard
to the disease self-management by raising awareness of behav-
ioural complications and thus increasing the self-competence of
diabetic patients [9-11].

Assuming that apps are of utility in terms of disease self-man-
agement, theoretical frameworks predicting the perceived use-
fulness of these apps seem to be promising. One of the most
known frameworks is the Technology Acceptance Model
(TAM) [12] which has been expanded to TAM 2 including so-
cial and cognitive variables [13]. The main target variable for
applying TAM in quantitative models was whether the disease
management app was “intended to be used” [14] which corre-
sponds with the classic TAM approach. Several qualitative or
mixed methods studies also employed TAM to investigate bar-
riers and facilitators of app use for self-care [15, 16]. Among
the perceived benefits were greater self-awareness of one’s con-
dition, easier integration of self-management in daily life and
the ability to view historical data without visiting a doctor [17].
However, the studies focusing more explicitly on self-manage-
ment as the dependent variable were exploratory and did not
use quantitative methods to test hypotheses. This did not apply
to diabetes only but also to other diseases, e.g. COPD [18].

Against this background, the study aims to further investigate
what circumstances contributed to perceiving an app as a bene-
ficial tool for self-management. It, therefore, addresses the fol-
lowing research questions: a) How well can a TAM 2 model
explain the variance of “perceived disease self-management” as
a major benefit of using an app?, and b) Which TAM 2 varia-
bles contribute to such an explanation model?

Methods

A TAM 2 informed hypothesis model was developed to explain
the degree of self-management support provided by diabetes
apps (Fig. 1) that includes the TAM 2 variables “subjective
norm”, “image”, “relevance”, “experience”, “perceived ease of
use” and “perceived usefulness”. “Relevance” addressed eve-
ryday life not the job as in the original version, “voluntariness”
was combined with “subjective norm” as the use of the app was
not mandatory and the “voluntary” use could only be limited by
a strong recommendation from the attending physician or from
the family, i.e. “subjective norm”. This was considered when
“subjective norm” was operationalised. Furthermore “output
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quality” and “results demonstrability” were combined to “out-
come quality” as the results of the app and the presentation of
the data could often not be distinguished. The TAM 2 derived
variables were supplemented by the type of the app “App clas-
sification” denoting whether the app was mainly used as a diary
or measurement repository or whether it served as a system
providing active advice in terms of nutrition, therapy or any
other interventions. Demographic variables including type of
diabetes, age and gender complemented the model.

TAM 2 derived factors

Subjective norm

demographics

Relevance to everyday life

Outcome quality

Experience

Perceived ease of use

Diabetes type

disease
If-

Gender

App classification

Perceived usefulness

Figure 1 — Hypotheses model (bidirectional)

The model was operationalized and implemented in an online
questionnaire realised in LimeSurvey. In order to check the va-
lidity and the technical implementation, a pretest was carried
out among a representative group of participants (different age
and profession, diabetics with and without handicaps). Based
on the feedback various changes were made to the question-
naire. Table 1 shows the constructs together with a short defi-
nition and sample items. The final questionnaire contained a to-
tal of 37 items out of which 27 items were used in this analysis.

Table 1- Overview of the constructs measured incl. short defi-
nition and example item (a = 10-point numeric scale, b = di-
chotomous value), {number of items}

Perceived Usefulness "The diabetes app
usefulness regarding the provides me all the
{2} condition data I need."*®
therapy support,
gggsi fication  App type nutrition / exercise
0 PP typ advice (0), diary /
measurements
(H°
Diabetes type II and other types
type {1} (0), type I (1) ®
male and other (0),
Gender {1} female (1) ®
Age {1} young/middle age 55 y. and younger (0),
g vs. old older than 55 y. (1)®
Perceived
contribution to "
. . I can change my
Disease self- managing . .
. . behavior or adjust my
management  everyday life with
. therapy based on the
{1} the disease on data."®
one's own through ’
the app use.

Construct Definition Sample item
.. Social pressure to “I use the app because
Subjective use a diabetic app -
L my physician strongly
norm {4} (from physician s a
. recommends it.
and/or family).
. . "As a diabetes a
Perceived increase PP
. R user, I take a modern
in social status f .
Image {1} and innovative

Relevance to

through the use of
a diabetic app.

Usefulness of a

approach to my
condition." *

"The app provides me
with more security and

everyday life diabetic app for control over my
{2} everyday life. condition in everyday
life."®
Comprehensibility,
accessibility,
Outcome overview of the "The data is presented

quality {2}

results achieved by
using a diabetes
app.

in a clear way."?

]{Eﬁ)erlence usage per day minutes per day
Satisfaction,

Perceived learnability and "t is very easy to learn

ease of use system quality of how to use the app."?

{10} the diabetes app ’
used.

Participants were recruited via email, Facebook and forums and
addressed members of various major German diabetes support
groups, interest groups and user groups of app providers. Data
were collected from end of August to early November 2020. In
order to classify the apps used by the participants, the app fea-
tures were extracted from the websites of the app provider. Two
persons checked the features and classified the app either as an
app that primarily enables the “diary and measurement reposi-
tory” functions or the “therapy support, nutrition and exercise
advice” features. Therapy support included reminders, warn-
ings, calculations, trends and predictions, therapy / diet and ex-
ercise information and advice. “Diary and measurement repos-
itory” functions embraced the classic diary, any sort of docu-
mentation and storing and displaying the blood glucose values
that had been measured. This classification was mainly based
on the information provided by diaDigital
(https://www.diabetesde.org/diadigital), a joint working group
of the major German scientific association (Deutsche Diabet-
ische Gesellschaft), diabetes support groups and the association
of diabetes advisers. Some of the apps had been classified by
diaDigital already and served as examples for the classification
of the other apps. Apps in the cluster “diet advice” were sub-
sumed under the category “therapy support, nutrition and exer-
cise advice”.

Multiple linear regression was used to test the hypothesis
model. To check the model assumptions, linearity, normal dis-
tribution of the residuals, independence of the residuals, homo-
scedasticity and multicollinearity were tested.

Results

A total of 386 people participated in the survey. Of these, 259
people used an app and 127 did not. Only the answers of app
users were used in this analysis from which 24 did not provide
any demographic information. Thus, answers from a total of
235 persons were finally included (Tab. 2).

Table 2— Demographics

Gender Age groups

male >41 years
Total (n=113; 48.1%) (n=63; 26.8%)
(n=235; 100.0%)

female 41-55 years

(=120; 51.0%)  (n=83; 35.3%)
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divers <55 years
(n=2; .9%) (n=89; 37.9%)
male >41 years
(n=55; 38.5%) (n=56; 39.2%)

diabetes type 1 female 41-55 years

(n=143; 60.9%) (n=87; 60.8%) (n=47; 32.8%)
divers <55 years
(n=1; .7%) (n=40; 28.0%)

male >41] years
(n=56; 65.1%) (n=6; 7.0%)

diabetes type 2

(n=86; 36.5%) female 41-55 years

(n=29; 33.7%) (n=35; 40.7%)

divers <55 years
(n=1; 1.2%) (n=45; 52.3%)
male >4] years
(n=2; 60.9%) (n=1; 16.7%)

other

. female 41-55 years

?;i‘%‘:ﬁ%%es (n=4; 60.9%) (n=1; 16.7%)
divers <55 years
(n=0; .0%) (n=4; 66.7%)

The particpants used a total of 27 different apps that were clas-
sified into 15 “therapy, nutrition and advice” and 12 “diary and
measurement repository” apps according to the method de-
scribed above.

The predictors included in the regression model explained
59.2% of the variance in the perceived level of support for dia-
betes self-management by the app use (F=29.5; df=11,223;
p<0.000).

TAM 2 derived factors demographics

Diabetes type

disease

Experience

Perceived ease of use
]
e

Perceived usefulness I/

Figure 2 — Beta coefficients (** p<0.01; * p<0.05)

App classification

.

Out of the TAM 2 informed variable, “subjective norm”, “rele-
vance to everyday life”, “outcome quality” and “perceived use-
fulness” became significant showing that the higher these fac-
tors were (exception “subjective norm”) the better they sup-
ported the perceived degree of disease self-management. In
case of “subjective norm” with a negative coefficient the asso-
ciation was different and the more pressure there was the less
was the app perceived as a help for self-management. Also, the
type of the app played a significant role, apps with a diary and
measurement storage functions were superior to apps with ther-
apy, nutrition and intervention advice concerning self-manage-
ment. None of the demographics factors were significant,
meaning that neither age, gender nor diabetes type were associ-

ated with better or worse perceived support of the app for man-
aging the disease. Alike, “experience”, “image” and “perceived
ease of use” were not significantly associated. Figure 2 shows

the findings in the hypothesis model.

Discussion

This study investigated which factors explain the perceived de-
gree of disease self-management support of diabetes apps. The
overall model accounting for 59.2% of the variance was not
only statistically significant but also satisfactory regarding the
absolute level of explanation. This result indicates the general
usefulness of a TAM 2 guided approach to model app use for
perceived diabetes self-management. In the past, TAM 2 related
quantitative models had been primarily used to predict “behav-
ioural intention” to use an app for disease management, e.g.
obesity [14].

» < o

The predictors “everyday relevance”, “outcome quality”, “per-
ceived usefulness” and “app classification” showed a positively
associated and highly significant (p <0.01) influence on per-
ceived disease self-management. This demonstrates that all var-
iables touching a) relevance, b) usefulness and c¢) outcome qual-
ity in terms of the results displayed and produced by the app,
determine the degree to whether an app is perceived as a good
tool for self-management. This can be called the relevance-use-
fulness-quality complex. Furthermore, the study revealed that
instigation of others particularly family members or the physi-
cian (“social norm”) had a negative effect on the perception of
the app. In the same vein, apps predominantely serving as diary
and measurement apps were preferably regarded as useful self-
management tools contrasting advice apps. While the first type
of apps offer features that the patients themselves control the
latter type of apps tend to act as an external instance imposing
information on the app users. Both factors, refusing “social
norm” and apps allowing the control over what the app does
could be summarized by “self-control” or “autonomy”.

The preferance of diary and measurement apps compared to ad-
vice apps might be surprising because providing information on
nutrition, physical activity, clinical guidelines belongs to the
features of quite a number of apps [8], which was also reflected
by the number of apps of this type in our study (15 vs. 12). Fur-
thermore, any kind of advice might be seen as a supportive el-
ement. In fact, self-management support [19] is regarded an im-
portant principle within the chronic care model to actually em-
power the patients to care for themselves. It is closely related to
self-management education [7], another pillar of patient em-
powerment.

However, it is also well known that patients with chronic dis-
eases like diabetes are experts themselves (“expert patient”)
that had been trained and have an understanding of what is best
for them [20]. For this type of patients having up-to-date blood
glucose values and reflecting their symptoms and behaviour in
a diary could be fully sufficient to manage the symptoms. Then
self-management would be really self-management and the pa-
tients would be proficient enough to cope with their disease.
This interpretation is supported by [17] that summarized the
benefits among others as greater self-awareness of one’s condi-
tion and the ability to view historical data without visiting a
doctor.

This would change the perspective on “self-management” and
“patient-centeredness” from a paternalistic view to an empow-
ered view. In fact, not only patient-physician interaction but
also patient-app interaction has to be evaluated. The four model
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scheme of paternalistic, informed, interpreted or deliberated re-
lations describing patient-physician interactions [21] could
serve as a blue print.

Whether the participants in this study were experts in self-man-
agement was not captured by the questionnaire. Alike, although
self support groups were strongly involved when recruiting
study subjects, this is no final clue about the expert status of the
participants. Furthermore, this study investigated the perceived
degree of self-management, not an objective measure of self-
management behaviour. So there is no information on how well
the participants managed their disease.

This study faces also some other limitations, particularly with
regard to the self-selection of the sample and the variable “app
classification”. Classifying an app either as primarily support-
ing “diary and measurement repository” functions or the “ther-
apy support, nutrition and exercise advice” features was not
easy because many apps had mixed functionality. However, the
classification rationale was based on an existing scheme. Fur-
thermore, two persons performed the classification and finally
agreed on the current coding.

In the same vein, other features of apps have to be monitored
closely for future studies in order to capture new functions. The
apps in this study had virtually no means to establish a mean-
ingful contact with the physician or other providers. However,
studies point to the importance of exactly this added value [15]
because self-management does not imply “to be left alone”.

In summary, the present study investigated TAM 2 informed
factors determining app supported perceived diabetes self-man-
agement testing a regression model. Factors belonging to the
relevance-usefulness-quality complex as well as factors reflect-
ing self-control were found to significantly explain the variance
of self-management. Other factors describing the patients, i.e.
age, gender, app experience and type of diabetes were found to
be insignificant. Neither did image or perceived ease of use play
a significant role.

Conclusions

Apps have been attested to empower patients regarding their
disease self-management through numerous studies. The pre-
sent study makes a contribution to the scientific discussion by
suggesting factors that are particularly associated with self-
management. It hereby raises the question whether apps should
be designed to strengthen self-management in the sense of self-
control and patient autonomy (e.g., own measurements, diary)
as opposed to guiding and advice giving. Expressed in other
words, “Should app self-management mean sel/f-control?”.

This study does not give a conclusive answer, however, points
to the need of further studying the relationship between the pa-
tient and the app depending on the patient needs.
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